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(g) Ablation catheter. 

@ An atdatlon catheter ia provided with an elon- 
gated member or shaft and a pluralify of hellcak 
ly^h^ed cutting wires attached to ttie ehaft to 
form a cutting tiaaket Each of the cutting wires 
has a secQon formed as a circumrerentlally 
aubacribing arc and together the wves present 
a drcumferentiai cutting area of an essentlariy 
cylMrical configuration. Obstructing matter on 
the inner surface of a vessel cavity, such as a 
blood vessel or the li(e, is separated from the 
surface as the catheter is moved through the 
vea&aL The catheter may be inserted in a vessel 
in a standard fashion using a wire guide which 
extends thnnigh a iongitudinal passageway i/) 
the shaft and a hub Interconnecting the basket 
wlra The shaft and basket together may be 
contained in an outer sheath to facilitate Inser- 
tion. The outdr sheath with the basket in a 
collapsed state in the outer sheath may be 
readily moved past an obsimction. and the 
sheath withdrawn to allow the basket to expand 
and come in contact with tl^ interior surface of 
the vessel cavity. The proximal ends of the 
cutting wires extend from the shaft through a 
vitxatory transducer, and the distal ends are 
connected together by a hub. ElBdricat current 
Is applied to efectrJcal terminals connected to 
the Cutting wires at the proximal end of the 
shaft to heat the wires to facilitate separating 
ot^stiucting matter from a vessel surface. 
Futhemnore, the vibration transducer vibrates 
the cutting wires to further aid in separating 
pjaque and obstructions from soft tissue such 
es the Intima layer of the wall of a blood vessel. 
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The invention related to ablatron catheters tor 
removing tissue and/or obstructions in body cavities 
such as blood or other vessels, ducts, or cavities of a 
body. 

Opening of constricted blood vessels has been a 
problem for many years. Rigid dilator devices, baltoon 
dilators, or heated balloon dilators have t>een used. 

U*S. Patent No. 4,709,698 discloses a beatable 
catheter, and U,S. Patent No. 4,890,611 disdO&e$ a 
catheter with a sheanng member. 

According to the present invention there is pro- 
vided a catheter as defined in olaim 1. 

The catheter is designed to separate an obstmc- 
tloci from the wall of a cavity euch as a blood vessel 
by means of an ablatSon catheter provided with at 
least one aicuately shaped cutting wire circumscrib- 
ing the rnterior wall of the vessel. The cutting edges 
or edge are intended to contact the vessel wailp and 
movement of oie catheter In the vessel en the area of 
an offending obstruction causes the matter forming 
the obstmction to be separated from the Interior wall 
of the vessel. The part of each wire between disoon- 
tinuities. or ac(jacent to one discontinuity is sutTSt^n- 
tlally helical and is substantially transverse to the 
longifeudinal skIs of the shaft The wires fonm an 
essentially cylindrical configureition for engaging the 
circumference of the Inner vessel wall. 

Brief description of the drawings 

FIG.1 is a firegmentary perspective view of an 
ablation catlieter. Incorporating an embodin^ent 
of the Invention; 

FIG.2 is a side elevation of the device of FIG.1; 
RG.3 is a partial fragmentary cross section view 
along line 3-3 of FI6.2; 

RGs<4 through 6 are cross-sacllonal views of a 
Uood vessel wllh the device In various configu- 
rations; 

FI6.7 IS a fragmentary atiss-addional view 
showing various co-operating parts of a catheter 
in accordance with an embodiment; 
RG.8 is a ItBgmentary cros&*sectional view of an 
alternative embodiment of the invention; and 
HG.9 is a schematic representation showing vari- 
ous electrical connections. 
In FIG.1, the catheter 100 comprises an elon- 
gated member or shaft 1 10 for insertion into a human 
body cavity such as a blood or other vessel, duct or 
cavity. The shaft Is provided, at its distal end, with four 
helically-shaped< flexible wires 104 fbnning a wire 
cage or basket 150. Each of the wires 104 comprises 
an arcuate curved section 105 fbrmed as a circuinfe- 
renb'ally Subscribing arc and a proximal end extending 
from the distal end of elongated member shaft 110 
and ultrasound transducer 101 . The wines 1 04 further 
each have a distal end terminating means such as a 
hub 103. The catheter may be percutaneously inser- 


ted in a vessel, such as a blood vessel, In a standard 
fashion by the well-Known method of first Inserting a 
wire guide in the vessel and subsequently Inserting 
the catheter over the wire guide. FlG.1 shows wire 

5 guide 102 extendir^g through central passageway 107 
that extends longitudinally through hub 103 and 
through longitudinal passageway 111 in shaft 110. 
Wire guide 102 can alternatively be fixed relative Id 
hub 103 to allow guide 102 to control movementof the 

10 wires. After the wire guide has been inserted in a 
blood vessel, the catheter may be inserted over the 
wire guide and into the vessel. The flexible cutting 
wires 104 will generally be In contact with the Interior 
wall, lining, or surface of the vessel as the catheter is 

iS moved in the vessel. When an obstruction in the ves- 
sel IS reached, the end portion of the catheter with the 
wires 104 is preferably moved past the obstruction 
and then withdrawn. In the process of withdrawal, the 
arcuate curved sections 105 of the wires 104cor)lact 

20 the wail of the vessel to separate the obstnicting mat- 
ter from the wall of the t>lood vessel. The wke tMslcet 
150 Is pravided with a particulate collecting net for- 
med by a plurality of threads 1 12 such as suture ma- 
teria} attached with: for example, a medical grade 

25 adhesive to the wires 104 at a number of spaced apart 
positions. The net formed k>y (he seveFsl threads 112 
capluras the matter separated firom the vessel wall by 
the wire basket as the catheter is moved through a 
blood vessel or the like. 

30 Each of the wires 1 04 comprises a first curved or 
straight section 123 extending from the distal end of 
shaft 1 10 to e discontinuity such as a comer or kink 
125. From the discontinuity, the wire extends laterally 
outwanjly and preferably longitudinally at an angle 

35 determined to form an arciiately shaped asction 106 
designed to angaga the internal surface of the body 
cavity when In the operative condition. The wire sec- 
tion 105 preferably subtends an angle of approxim- 
ately 90" or less to the sectkMi 104 to fonm the 

40 discontinuity, although it will be apprvctatad that 
angles significantly less than 90^ will sulflce. It Is 
required that the section 105 confomis to the Internal 
dimension of the cavity and the angle is selected to 
meet that requiremenL Each wire can gradually 

49 extend longitudinally from section 105 to the distal 
end thereof, or can pr^erably continue as a continif- 
ously Gontactlng section 105 until a second discon- 
tinuity, such as 121 , of the vHrs, from which the wire 
then progresses in a non-contacting section 120 to 

90 the distal end of each wire. The continuously contact- 
ing section clf each wire is substantially helical and 
subtends an angle to the longitudinal axis of the shaft 
which la substantially or signifioantly greater than the 
angle subtended by the sections 120, 123. The wire 

55 123 at discontinuity 125 is bent to give a more lateral 
Component and/or ouhivard component to the direo 
tion of the wire. The bend can extend from a small 
angle (such as 5") to an angle greater than 90*> but 
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preferably is approximately 90° or less. 

Section 120 facilitates entry of the catheter in a 
blood vessel and past a constricting ot^sinjction. The 
approximately nght angle corners 121 and 125 are 
further illustrated In the side elevation of FIG.2. The 5 
flexible wires 104 may, for example, be stainless stieel 
wires naving a diameter in Oie range of 0.006' to 
0-or. 

Alternatively, a eupereiastic metallic alloy wire may be 
used having a superelastic state above its transfor- fo 
matlon temperature, such as NitJnol, a wen-known 
nickel-titanium alloy. Tantalum may also be used or 
included for greater radtopacity. 

The curved sections 105 of the four wires are for- 
med in an overlapping arrangement which Is demon- 19 . 
strated In Fig.3. which Is a cross section along tine 3-3 
of FIG^ For the sake of clarity, only ^o of the wires, 
labelled 131 and 132 in FIG.3, are shown. Wire 131 
originates at point 1 33 on the end cap transducer 101, 
and wire 1 32 originates at point 1 35 on end cap trans- 20 
ducer 101. Wire 131 overlaps wire 132 In a quarter of 
the circumference of the wJne basket 150, as shown 
at 137. In a similar manner, wire 132 overlaps a por- 
tion of an adjacent wire (not shown in FIG.3) originat- 
ing from point 1 34. The wire originating from point 134 25 
would similarly overlap a wire originating from point 
136 on end cap transducer 101. in this manner, the 
wire basket presents a dicumferentially extending 
cutting surface to the interior wall of a blood vessel or 
the like. 30 

The degree of overiapping is designed to peimik 
sufficient expansion of the cage so that the wires have 
continuous contact with the internal surface of the 
body cavity. When expanded lUDy, overlapping may 
not be required, but is prefenred. as 

To facilitate insertion of the catheter 100 in an 
obstructed vessel, the catheter may be provided with 
an outer sheath or guidoig catheter for containing the 
shaft 110 and partknilariy fbr maintaining wire basket 
150 in a compressed configuration. FlG.4 depicts the 4^ 
shaft 110 and wire basket 150 contained within 
sheath 140 and disposed within a vessel 211 having 
an innerwall 210 and constrksting obstructions 200. In 
preparation for insertion of the catheter, a wire guide 
102 Is Inserted in the blood vessel or the like using a 4S 
well-known radloiogrcal procedure. The shaft 110 and 
wire basket 150 are inserted over the wire guide while 
positioned within the outer sheath 1 40. PrefarabKy, the 
sheath Is extended beyond a constricted area such as 
that formed by obstmctlons 200 on the Inner wall 210 90 
of vessel 211. The sheath 140 is withdrawn to allow 
wire basket 150 to assume an expanded configuration 
as dapicted in FIG.5. The shaft 1 10 may then be with- 
drawn bringing the cutting wire sections 105 in contact 
with the obstructions 200 and causing the matter 55 
fonning the obstructions to be separated from the ves^ 
sel wall, as depicliad in FIG.6. As the matter forming 
the obstructions Is cut away from the wail, it Is collec- 


ted in the particulate collecting net formed by the sev- 
eral threads 112 extending between the cutting wires 
104. In this rT>annef, the ot^striic^ing deposit is seps- 
rated from the wall of the vessel and the partkulale is 
removed from the vessel as the catheter is withdrawn. 
The threads which fomi the net may be suture or other 
suitably strong but flexible fllan>orrt which will not 
interfere with the collapsing of the wire basket 150 
when it is drawn Into the sheath 140. It is also contem- 
plated that the expanded basket may be pushed for- 
ward to separate the obstructions from the vessel 
wall. 

FIG.7 discloses a further enhancement to the 
catheter 100 which provides control over the degree 
of lateral expansion of the wire basket 150. An adjust 
ment rod 1 60 extends longitudinally through shaft 1 10 
as shown in FIG.7. The adjustment rod 160 has a dis- 
tal end attached to hub 103 and Is provkted at its 
proximal end with a cyllndricaliy-shaped handle 174, 
including a shoulder 175. The rod 160 slideabiy 
engages a longitudinally-extending passageway 162 
In Shalt 110. Movement of the rod 160 In a d^ctton 
such thatthe handle 174 Is moved away ftam iheshaft 
110, causes the hub 103 to be moved towand shaft 
110 and causes the cutting wires 104 to extend later- 
ally, thereby increasing the cross-sectional area of the 
basket 1 50. Conversely « ds the rod 160 is moved in a 
dirsctk^n wherein the handle 174 is moved toward the 
shaft 110. the hub 103 is moved away Item the shaft 
110 causing the cutting wires 104 to be expanded lon- 
gitudinally, thereby reducing the cross^ectional area 
of the basket 150. It wit be readily apparent from the 
perspective view of FIG.1 that the oiroumference of 
the basket ISO will be expanded as hub 1 0S is moved 
in the direction of the shaft 1 1 0 and that its circumfer- 
ence will l>e reduced as the hub 1 03 is moved away 
from the shaft 110. The adjustment rod 160 Is pro- 
vided with graduation markings 172 which ooirespond 
to degrees of expanskm of the basket 150 and may 
be readily used by a physician to expand the basket 
by a precise amount while the basket is disposed 
internal to a vessei. A sliding lock ring 16S engages 
the tapered proximal and portion 16fi of shaft 1 10. As 
the lock rmg 166 is moved in the diiecbon of the main 
portion of the shaft 110, the end portion 169 of shaft 
1 10 wDt be compressed to maintain the adjustment 
rod 160 at a desired position. A wire guide 102 is 
shown disposed in a longitudinally extending pas- 
sageway 170 of the adjustment rod 1 60- 

FIG.6 is an alternative embodiment of a net for 
collecting particulate 200 resulting from the cutting 
action of the wire baaket 1 50. The net 202 may be fbr 
med of a gauze material or nylon netting and is 
attached to the cutting wires 1 04 in the proximity of the 
near 90^ comers 121. The net 202 extends longihjdl- 
nelly beyond the hub 1 03 at die distal end of the cathe- 
ter 1 00. The net 202 la provided with a cenbrel opening 
201 at its distal end to allow for paaaege of ihe wira 
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guide 102. 

To enhance the cutting action of the cutting wtres 
1 04 and to melt obstructing materi£l such ad chole$» 
terol or plaque or ablate soft tissue such as the 
mucosa of a gallbladder the cutting wires may be s 
heated by means of the application of electrical cur- 
rent to the ctitting wires. This is acoompJished inter- 
connecting the cutting whes 104 within the hub 103. 
as depicted in schematic of R0,9. The cutting wires 
1 04 are shown connected In pairs by means of inter- io 
connected electrical conductofs 21 2. instead of using 
separate conductors, the wires may be joined fdr eleo- 
trical contact in any suitable manner. Electrical cur- 
rent may be applied to the cutting wires 104 in shaft 
1 10 by electrically corKlucting terminals 208 as gen- 15 
erally depleted m FIG.9. Cutting wires 104 are con- 
nected, by means of electrical connector 2i3 10 e 
switch unit 204 to which the appropriate current Ibr 
such heating purposes is supplied from cable 206. 
The amount of electrical power and the frequency 20 
desired for the cutting operation Is a matter of choice 
and will depend upon the requirements for the particu- 
lar surgery procedure to t>e perfomied. The switch unit 
204 may be any well-known switch oonfiguration in 
which Input current is supplied Io one of conductor 2S 
pairs 212. The ratum current path indudes the other 
one of conductor p^lns 212. Accordingly, in the con- 
figuration of this Qlusb^tive embodiment wherein two 
Interconnected pairs of cutting wires are employed, 
one of the oonductor pairs 212 wQI be input csuirent 90 
conductors, and the other ons of the oonductor paws 
will be retuiTi current conductors. Switch 204 rs pro- 
vided with a push button switch 205 which Is operative 
to connect the input cunrent of the desired magrtltude 
and frequency from cabla 20fi to one of tho condudor $s 
pairs 212 while the remaining conductor pair is oon- 
nected to a return cunwt lead of cable 206. 

The cutting action of the cutting wires 1 04 may be 
further enhanced by vibratory motion. An ultrasonic 
transducer 203 in end cap b^nsducer 101 is attached 40 
to the cutting wires 104 bo impart ultrasonic vibration 
to the cutting wires. The vibrator may be anyone of a 
number of well-i(nown such devices and may be con- 
veniently embedded whhin end cap transducer 101 of 
the shaft 1 10. Power for the transduceris provided by 4$ 
means of a pair of wires 20g connected to switch unit 
204 and which may be interconnected with supply 
wires, likewise provided via cable 206 to swftch 204, 
by operation of push button switch 207. The push but- 
ton switch is preferably located near the distal end of so 
the shaft 110 to convenienfly allow the surgeon to 
selectively apply heat or vibratory motion to the cut- 
ting wires 104. 

The ablation catheter may be inserted In the fun- 
dus of a gallbladder via a retrograde route through the 55 
common and cystic ducts to ablate the mucosa of a 
gallbladder The wires of the expandable basket 
would enlarge to engage the mucosal layer and apply 


radiofrequency cunent to heat and coag>uiatB the 
mocosdl layer. The ablation of the mucosal layer is 
known to prevent the reformation of gdlbladder 
stones. Also contemplated Is the use ofthedevteefor 
namoving urinary olistructions in the urethra, espe- 
cially in the prostatic urethra in man. Also it Iscontenh 
platdd that polyps in the intestinal tract can be 
removed with this device. 


Claims 

1. An ablation catheter comprising an elongated 
member (110). at least one wire (104) extending 
atthe proximal end from the distal end of the said 
member, and at the distal end to an Inteftonnec- 
tion arrangement (103), the wire having an 
arcuately shaped section (105) forming part of a 
wire cage which when expanded and moved, ser- 
ves to contact and remove tissue from the internal 
surface of a body cavity, characterised In that the 
wire has at least one discontinuity (125) fbr 
imparting a lateral component to the direction of 
the wire (105) whereby peripheral contact of the 
wire with the said internal surface is increased. 

2. A catheter according to daim 1 , characterised b 
that there are a plurality of wires each disposed 
In the manner of the first mentioned wire. 

3. A catheter according to daim 1 or 2, character- 
ieed in that each wira has a second discontinuity 
with the part of tlie wire between the said one ar)d 
second discontinuities In contact with the said 
intemal eutfece. 

4w A catheter according to daim 3, characterised in 
that the ^id part of the wire adjacent to the red- 
pectlvo discontinuity subtends an angle which 
directs ttie said part to fcrm a circumferentially 
subscribing helical arc, each such helical arc 
tieing In overiapping relationship with a helical arc 
from an adlaoent wire in order to permit expan- 
sion of the cage and the maintenance of the said 
penpherai contact. 

5. A catheter according to daim 4. characleriaed in 
that ifie said angle Is In die region of gO"*, with 
each said partfonning a helical arrangement sub- 
stantially transverse to the longitudinal axis of ttie 
said member. 

8. A catheter according to any one preceding claim, 
characterised in that means (160,166) are pro- 
vided for oonlrolling the expansion of the cage, 
seid rneens being mechanically coupled to the 
shaft and the Interconnection arrangement, 
whereby die distance between the distal end of 
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the shaft and (he interconnection airangement 
can be cantrollabiy varied. 

I. A catheter according to any one preceding daim, 
characterised in that the shaft includes a hoJIow 5 
passageway (111) therein for insertion of a wire 
guide (102) and in that the wire guide can extend 
through or be fixed 10 the interconnection 
arrangarrtent 

ro 

8. A catheter aocoidtng to any one preceding daim. 
characterised In that each wire is electrically con- 
dijctive and connected so that it can be heated to 
facilitate removfll of said tissue. 

15 

9« A catheter according to any one preceding daim, 
characteriaed in that vibratory means (1 01) Is pro- 
vided in Gontact with each wire (1 04) to impart vib- 
ratory motion thereto. 

20 

1 0. A catheter aooording to any one preceding dafm, 
further characterised by an outer sheath (140) 
having a longitudinal passageway therettiraugh 
for containing the shaft and the wire cage during 
Insartlon of the latter Into the cavity. 25 

II. A catheter according to any one preceding daim 
as appendant to daim 2, characterised in that a 
collapsible net (202) la attached to the cage to col- 
led tissue wtien removed from the cavity by the 30 
wires of the cage. 
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@ Afalatfon catheter. 


st) An ablation catheter is provided wrth an elon- 
gated member or shaift (110) and a plurality of 
helicaliy-shaped cutting wires (104) atached to 
the shaft to form a cuttinQ t^askst (150). Each of 
the cutting wires has a section fonned as a 
drcumferentially subscribing arc (105) and tn- 

g ether the wires present a ctamnferential cut- 
ng area of an essentially q^indrical 
configuration. Each of the wires (104) com- 
prises a first curved or straight section (123) 
extending from the distal end of shaft (1iO) to a 
di$fiOntinuity auch as a comer or kink (125). 
Obsbucting matter on the Inner surface of a 
vessel cavity, such as a blood vessel or the like, 
is separated from the surface as the catheter is 
moved thiXHigh the vessel. The catheter may be 
inserted in a vessel In a standard fashion u&ng 
a wire guide (102) whrch extends through a 
longitudinal passageway in the shaft and a hub 
(103) interconnectins the basket wire. The shaft 
and basket together may k>e coniained in an 
outer sheath to facilitate ir>sertk)n. The outer 
sheath with the basket in a coUapsed state tn 
the outer sheath may be readrfy moved past an 
obstruction, and the sheath withdr^wvn to allow 
the basket to expand and oome in contact with 
the interior surface of the vessel cavity. The 
prxiximal ends of the cutting wires extend from 
the shaft through a vibratory transducer, and 
the distal ends are connected together by a hub. 
Electrical current is applied to decbical termi^ 
nals connected to the cutting wires at the 
proximal end of the shaft to heat the wires to 
facOitate separating obstructing matter from a 
vessel surface. Futhermore, the vibration trans- 
ducer vS^rates the cutting wires to fUrther aid in 
separating plaque and obstrucdons from soft 
tissue such as the inlima layer of the wall of a 
blood vessel. 
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